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The  amphoteric  electrical  properties  of  germanium  single 
Implants  Into  gallium  arsenide,  and  of  dual  Implants  of 
germanium  with  either  gallium  or  arsenic  into  gallium 
arsenide,  have  been  studied.  Room  temperature  Implantation 
was  performed  for  all  Implanted  Ions  at  120  keV,  with  doses 
ranging  from  5E12  to  3E15  tons  per  square  centimeter. 
Implanted  samples  were  annealed  with  pyrolytic  silicon 
nitride  encapsulants  at  temperatures  ranging  from  700  to  1000 
degrees  Celsius.  Both  p-  and  n-type  layers  were  observed. 
Type  of  conductivity,  electrical  activation,  and  carrier 
mobility  were  found  to  depend  critically  upon  Ion  dose  and 
anneal  temperature.  The  general  electrical  behavior  suggests 
that  in  samples  of  lower  dose  and  anneal  temperature,  the 
implanted  Ge  Ions  go  Into  As  sites  preferentially,  producing 
p-type  activity,  whereas  In  samples  of  higher  dose  and  anneal 
temperature,  more  Ge  Ions  go  into  Ga  sites,  producing  n-type 
activity.  Conductivity  was  found  to  change  from  p-  to  n-type 
at  an  intermediate  dose  of  3E14  Ions  per  square  centimeter 
and  at  an  anneal  temperature  between  900  and  950  degrees 
Celsius.  It  has  been  determined  that  additional  Implantation 
of  As  Into  GaAs:Ge  favors  Ge  occupancy  of  Ga  sites  and  an 
enhancement  of  n-type  activity,  whereas  the  additional 
implantation  of  Ga  encourages  Ge  occupancy  of  As  sites  and  an 
enhancement  of  p-type  activity.  Enhancement  factors  of  as 
much  as  8  for  p-type  activations,  and  as  much  as  50  for 
n-type  activations  have  been  measured. 


This  work  represents  an  experimental  study  of  the  electrical 
properties  of  the  semiconductor  GaAs  which  has  been  doped 
in  thin  layers  with  germanium  by  the  method  of  ion 
bombardment.  The  specific  objectives  include 


(a)  complete  characterization  of  the  electrical  activation 
and  mobility  of  Ge- implanted  GaAs  by  the  method  of 
Hal  1/res  1 st ivl ty  measurements 


(b)  relation  of  such  properties  to  conditions  of  implantation 
and  thermal  anneal  treatment 


(c)  determination  of  conditions  which  result  in  n-  and  p-type 
conductivity  for  the  amphoteric  dopant ,  germanium 


(d)  determination  of  the  benefits  to  electrical  activation  to 
be  derived  from  sequential  double  implantation  of  germanium 
with  gallium  and  arsenic  ions,  respectively. 


Status  of  the  Research 

The  amphoteric  electrical  properties  of  germanium  single 
implants  into  gallium  arsenide  have  been  studied.  The 
amphoteric  behavior  of  germanium  implants  into  gallium 


arsenide  (reported,  Appl .  Phys.  Lett.  35(2),  197,  1979), 

where  both  p-  and  n-type  layers  were  observed,  was  found  to 

\ 

depend  critically  upon  ion  dose  and  anneal  temperature.  The 

general  electrical  behavior  suggests  that  In  samples  of 

lower  dose  and  annealing  temperature,  the  implanted  Ge  tons 

go  into  As  sites  preferentially,  producing  p-type  activity, 

whereas  In  samples  of  higher  dose  and  annealing  temperature, 

more  Ge  Ions  go  into  Ga  sites  than  into  As  sites,  producing 

n-type  activity.  Room  temperature  implantation  was  performed 

at  120  keV  with  doses  ranging  from  5E12  to  3E15  lons/cm2  . 

Implanted  samples  were  annealed  with  pyrolytic  St^N^ 

encapsulants  at  temperatures  ranging  from  700  to  950  deg.  C. 

2 

For  doses  of  lE14/cm  or  below,  the  implanted  layer  was 


P-type  at  anneal  temperatures  up  to  950  deg.  C,  with 


electrical  activation  up  to  38).  For  doses  of  lE15/cm  or 
above,  the  implanted  layer  Is  n-type  at  all  anneal 


temperatures,- wl  th  activation  up  to  5).  For  the  Intermediate 
z 


dose  of  3E14/cm  ,  the  conductivity  changes  from  p-  to  n-type 

at  an  anneal  temperature  between  900  and  950  deg.  C. 

Dual  implantation  into  gallium  arsenide  with  either  Ge  ♦  Ga 
or  Ge  ♦  As  has  also  been  investigated  (reported  at  the  /' 


American  Physical  Society  Meetings  in  New  York  City,  March, 

’Oaju,. 


1980).  It  has  been  determined  that  the  additional 
Implantation  of  Arsenic  into  GaAs:Ge  favors  germanium 


occupancy  of  gallium  sites  and  an  enhancement  of  n-type/-^ 


activity,  whereas  the  additional  implantation  of  ga  1 1 1 


into  GaAs:Ge  encourages  germanium  occupancy  of  arsenic  sites 
and  an  enhancement  of  p-type  activity.  In  all  cases,  both 
ton  species  of  the  dual  implants  were  implanted  at  the  same 
ion  energy  of  120  keV  and  at  the  same  dose  to  maintain 

2 

stoichiometry,  with  doses  ranging  from  1E13  to  3E1S  tons/cm  . 

Implanted  samples  were  annealed  with  pyrolytic  SI^N^ 

encapsulants  at  temperatures  ranging  from  700  to  1000  deg. 

C.  The  amphoteric  behavior  of  germanium  in  gallium  arsenide 

was  enhanced  significantly  when  arsenic  ions  were  added,  but 

the  addition  of  gallium  ions  resulted  in  p-type  conductivity 

for  all  doses  up  to  the  anneal  temperature  of  900  deg.  C. 

The  n-type  electrical  activity  of  germanium  implants  In 

GaAs:Ge+As  wife  found  to  increase  significantly  over  that  of 

2 

GaAs :Ge  for  ion  doses  of  lE15/cm  or  above,  while  the  p-type 
activity  was  not  significantly  affected  by  the  dual  implants 

9 

for  doses  ot  3El3/cm  or  below.  Also  the  original  p-type 

activity  of  germanium  single  implants  was  found  to  convert 

2 

to  n-type  for  intermediate  doses  of  1E14  and  3E14  ions/cm  . 

The  p-type  electrical  activity  of  germanium  imlants  in 

GaAs:Ge+Ga  was  found  to  increase  significantly  over  that  of 

GaAs:Ge  for  doses  of  3E14/cm*  or  below,  while  the  original 

n-type  activity  of  Ge  single  implants  was  found  to  change  to 

2 

p-type  for  doses  of  lE15/cm  or  above. 
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